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This paper examines the transmission of GDP growth and GDP growth volatility 
among the G7 countries over the period 1960 q1 -  2009 q3, using a 
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(MGARCH) model to identify the source and magnitude of spillovers. Results 
indicate the presence of positive own-country GDP growth spillovers in each 
country and of cross-country GDP growth spillovers among most of the G7 
countries. In addition, the large number of  significant own-country output 
growth volatility and cross-country output growth volatility spillovers indicates 
that output growth shocks in most of the G7 countries affect output growth 
volatility in the remaining others. An additional finding is that  U.S. is the 
dominant source of GDP growth volatility transmission, as its volatility exerts a 
significant unidirectional spillover to all remaining G7 countries. 
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Abstract
This paper examines the transmission of GDP growth and GDP growth volatil-
ity among the G7 countries over the period 1960 q1 - 2009 q3, using a multivari-
ate generalized autoregressive conditional heteroskedasticity (MGARCH) model to
identify the source and magnitude of spillovers. Results indicate the presence of pos-
itive own-country GDP growth spillovers in each country and of cross-country GDP
growth spillovers among most of the G7 countries. In addition, the large number of
signicant own-country output growth volatility and cross-country output growth
volatility spillovers indicates that output growth shocks in most of the G7 countries
aect output growth volatility in the remaining others. An additional nding is that
U.S. is the dominant source of GDP growth volatility transmission, as its volatility
exerts a signicant unidirectional spillover to all remaining G7 countries.
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11 Introduction
The global economy has recently experienced exceptional levels of volatility. Despite the
fact that such volatility was mostly apparent in nancial markets, international produc-
tion was also harshly hit. The decline in global output during the most recent downturn is
comparable to that during the Great Depression. Individual countries experienced large
scale contractions during the latest recession. For instance, in Germany, real gross do-
mestic product (GDP) per capita, which grew 2% on average since 1960 (with a standard
deviation of 2.3%), contracted by 6.7% in 2009.
The volatility of output growth is a potentially important determinant of economic
growth, as output volatility raises economic uncertainty, hampering investment due to its
irreversibility nature which in turn leads to lower long-term economic growth (Bernanke,
1983).
Despite the fact that studies investigated the relation between output volatility and
growth, little is known about output growth volatility spillovers among countries. Be-
sides, the empirical literature on output growth dynamics during the latest recession
is limited. Antonakakis and Scharler (2010) examined output growth dynamics during
US recessions and found that the 2007 to 2009 recession was associated with unusually
highly synchronized output growth dynamics in the G7 countries. The source of such
high synchronization may be attributed to nancial integration and contagion (Mendoza
and Quadrini, 2009). As a result of the high level of integration of the economies, shocks
experienced by one country have increasingly important implications for other countries.
The motivation for this study is to investigate the interdependencies of GDP growth
rates and their volatilities across the G7 countries. Put dierently, the interaction of GDP
growth of one country with the others is examined. More importantly, we investigate
GDP growth volatility spillovers across countries by examining how own-country shocks
and volatilities as well as cross-country shocks and volatility co-movements impact on
GDP growth volatility of one country and how they are transmitted across countries.
In particular, the contribution of this paper is twofold. First, we obtain time-varying
measures of variances and covariances by the use of the BEKK-MGARCH model proposed
2by Engle and Kroner (1995).1 Even though this model has been applied solely to nancial
data so far, we argue that this approach is a strong candidate for the subject of the present
paper, yielding more elaborated measures than rolling-time windows to construct time-
varying measures of variances and co-variances. Second, we extend the period sample up
to the third quarter of 2009 thereby providing an up-to-date evidence of output growth
volatility spillovers.
The remainder of this paper is organized as follows. Section 2 describes the method-
ology employed and data used. Section 3 presents and discusses the estimated results.
Section 4 summarizes the results and concludes.
2 Methodology and data
The dataset consists of quarterly observations of real GDP per capita in the G7 coun-
tries over the period 1960q1 - 2009q3 obtained from OECD Main Economic Indicators
database. We calculate output growth as the fourth quarter dierence of the log of quar-
terly real GDP per capita, yielding stationary series of annualized output growth in the
G7 countries.2 These series are plotted in Figure 1 where it can be seen that, in general,
the largest decline of GDP was recorded in the most recent downturn. Table 1 presents
the descriptive statistics of these series. Generally, annual GDP growth rate in the G7
countries during the sample is 2% with Japan the only exception with an annual GDP
growth rate of 3%. Yet, Japan is subject to higher shocks as it experiences the largest
deviations in output growth (3.6%) compared to the remaining G7 countries (where stan-
dard deviation is around 2%).
According to the pairwise unconditional correlations in Table 1, GDP growth of all
G7 countries is positively interrelated. The highest correlations are between countries
that are in close geographical proximity such as Canada and US (0.7731), and France and
Italy (0.7728), whereas, the lowest correlation is between Japan and Canada (0.3541).
In addition, in Table 1 the Lagrange Multiplier (LM) test of Engle (1982) indicates the
1The acronym BEKK stems from the joint work of Baba, Engle, Kraft and Kroner.
2According to the Augmented Dickey Fuller (ADF) test results in Table 1, the null hypothesis of a
unit root is rejected at the 0.01 level of signicance in all cases.
3presence of ARCH eects with the squared residuals of GDP growth.
[insert Figure 1 here]
[insert Table 1 here]
To address the transmission of GDP growth and GDP growth volatility among the G7
countries we employ the BEKK-MGARCH model originally proposed by Engle and Kroner
(1995). This is a novel contribution of the present study as, to the best of our knowledge,
this model has not been applied to investigate output growth volatility transmission.
The following conditional expected GDP growth equation relates each country's GDP
growth to its own and other countries' GDP growth, lagged one period:
Yt =  + BYt 1 + t; (1)
where Yt is a 71 vector of fourth quarter dierence of the log of quarterly real GDP per
capita at time t for each of the G7 countries; the residual vector, t, given the information
set available at time t   1, 
t 1, is normally distributed, tj
t 1  (0;Ht), with its
corresponding 7  7 conditional variance-covariance matrix, Ht. The 7  1 vector, ,
accounts for long-term drift parameters. The elements bij of matrix B measure the degree
of output growth spillover eects across countries, with the diagonal elements, i = j, of
matrix B representing the own-country spillovers and the o-diagonal elements, i 6= j,
representing the cross-country spillovers. The multivariate structure of model 1 allows
the identication of the eects of the innovations in output growth of one country on its
own output growth and those of the output growth of other countries ... with a lag of one
period.
There exist various parameterizations of the conditional variance-covariance matrix,
Ht, of the BEKK-MGARCH model such as the full, diagonal and the scalar BEKK-
MGARCH model. For the purpose of the present study the full BEKK-MGARCH model
is employed in which the conditional variance-covariance matrix Ht depends on the lagged
squares and cross-products of innovations, t 1, and its lag, Ht 1. An important feature of
this parameterization is that it allows the conditional variances and covariances of output
growth in the G7 to inuence each other.3 The full BEKK-MGARCH specication is
3Positive semi-deniteness of the conditional variance-covariance matrix is ensured by construction











where cij are the elements of an upper-triangular matrix of constants C, the elements
aij of the n  n symmetric matrix A measure the degree of innovation from country i to
country j and the elements gij of the n  n symmetric matrix G measure the persistence
in conditional volatility between country i and country j. For instance, in the bivariate





























































Under the assumption of normally distributed random errors, the log-likelihood func-













where T is the number of observations, N is the number of countries,  is the vector of
parameters to be estimated and all other variables are as previously dened (Kearney
and Patton, 2000). Optimization is performed using BFGS (Broyden, Fletcher, Goldfarb
and Shanno) algorithm, and the robust variance{covariance matrix of the estimated pa-
rameters is computed from the last BFGS iteration. The proposed model has
N(5N+1)
2
parameters in the conditional variance and N  (N + 1) parameters in the conditional
mean equation, giving 182 parameters in total.
3 Empirical ndings
The estimated conditional mean and variance equations with the associated robust stan-
dard errors and likelihood function values for the G7 countries' output growth are pre-
sented in Table 2.4
4All estimations are made using RATS Version 7.20.
53.1 Output growth spillovers
According to the conditional mean output growth equations reported at panel A in Table
2, all countries exhibit signicantly positive and high own mean spillovers from their own
lagged output growth. The estimated coecient for the own mean spillover ranges from
0.6173 in France to 0.9103 in Japan indicating a high degree of persistence.
[insert Table 2 here]
Importantly, there are signicant lagged mean spillovers from many of the G7 countries
to many of the others. In the case of Canada, output growth in U.S. and Germany in
the current year will signicantly Granger-cause an increase and decrease, respectively,
of output growth in Canada in the following year. Put dierently, current output growth
changes in Germany de-synchronize its business cycle with that of Canada in the following
year whereas, current output growth changes in U.S. tend to synchronize its business
cycle with that of Canada in the upcoming year. In the case of France, output growth
in Canada, Italy, Japan and UK in the current year will signicantly Granger-cause an
increase of output growth in France in the following year. In Germany, only current
output growth in Japan has a positive direct impact on output growth in the former
country in the upcoming year.
This means that on average short-run output growth changes in many of the G7
countries are associated with signicant output growth changes in many of the remaining
countries, indicating the presence of high degree of business cycle synchronization with a
year lag which is in line with the results in Stock and Watson (2005). This is likely due
to the highly integrated goods and nancial markets of these specic countries (Mendoza
and Quadrini, 2009).
3.2 Output growth volatility spillovers
Having evaluated the dynamics of output growth spillovers we now present the results of
the BEKK-GARCH model for output growth volatility spillovers across the G7 countries.
The conditional variance-covariance equations of the BEKK-GARCH model eectively
capture the own-volatility and cross-volatility spillovers of output growth among the G7
6countries. Panel B in Table 2 presents the estimated coecients for the conditional
variance-covariance matrix, Ht, of equations. These quantify the eects of the lagged own
and cross-country output growth innovations and lagged own and cross-volatility output
growth persistence on the own and cross-volatility of output growth in the G7 countries.
In general, the estimated coecients of the conditional variance-covariance matrix for
own and cross-innovations and own and cross-volatility spillovers are signicant in most
of G7 countries, indicating the presence of ARCH and GARCH eects. Specically, 59%
(29 out of 49) of the estimated ARCH coecients and 71% (32 out of 49) of the estimated
GARCH coecients are signicant at the 0.10 level or lower.
Own-innovations spillovers in all G7 countries are signicant indicating the presence
of ARCH eects. The own innovation spillover eects range from 0.1614 in France to
0.4169 in Canada. That is, the past output growth shocks in Canada will have the
strongest impact on its own future volatility compared to country-specic output growth
shocks in the other six countries. Turning to cross-innovation eects of GDP growth in
the G7 countries, past innovations in most countries exert an inuence on GDP growth
volatility of the remaining countries. Nevertheless, the cross-volatility shocks are generally
lower than the own-volatility shocks. This means, that cross-volatility shocks have a
weaker eect on future conditional volatility than the one from past country-specic
volatility shocks on future volatility. For instance, in the case of Canada, cross-innovations
in Germany (0.3349), Italy (0.2266), Japan (0.3246), UK (0.3366) and US (0.1476) are
signicantly positive, of which UK has the largest eect. While, in the case of US,
cross-innovations in Canada (0.2441) are signicantly positive and cross-innovations in
Germany (-0.2016), Italy (-0.2250), Japan (-0.2848) and UK (-0.1017) are signicantly
negative. In the case of Italy, cross-innovations in Japan (-0.3706) and in UK (-0.4637)
exert a signicantly negative inuence while, cross innovations in France (0.1153) exert
a signicantly positive inuence. This suggest the existence of asymmetries in the cross-
innovation spillovers across the G7 countries.
In the GARCH set of parameters one can observe that own-country and cross-country
volatility spillovers vary in magnitude and magnitude and sign, respectively, across coun-
tries. Own-country volatility spillovers range from 0.4772 in UK to 0.9272 in Germany.
7This suggests own-past output growth volatility spillover in UK has the weakest eect
on its own-future conditional output growth volatility than the own-volatility spillover in
each of the remaining countries. In addition, future conditional volatility in Germany and
Italy is positively intensied by past volatility persistence in all other countries apart from
cross-volatility spillovers in Italy and Germany, respectively. Nevertheless, in the remain-
ing countries, cross-volatility spillovers exert asymmetric eects on future country-specic
conditional volatility. For example, in the case of Canada, cross-volatility spillovers in
France (-0.0925) and Italy (-0.2537) exert a negative inuence whereas, cross-volatility
spillovers in US (0.3366) exert a signicantly positive inuence.
An additional important nding is that U.S. exerts unidirectional volatility spillovers
to all other countries' output growth volatility (except to Canada, as Canada's volatility
persistence also exert a signicant inuence to US).5 This suggest that US is the dominant
country in output growth volatility transmission across the G7 countries. Put dierently,
output growth volatility persistence in the US is transmitted to all other countries but
the opposite does not hold. An example of such transmission is the most recent crisis
originated (in the housing market and caused increased negative changes in GDP growth)
in the US that caused uncertainty and abrupt changes in countries' GDP growth around
the world.
It should be noted that the coecients reported in Table 2 reect direct eects of
innovations in the error process, whereas the simultaneous structure of the empirical
model implies that incipient shocks propagate through the whole system of equations and
thus countries. Overall, our results point to strong, potentially asymmetric linkages, both
direct and indirect, between output growth and volatility between all countries of our
sample, where the US appears to be a key source of international spillover eects.
Figures 2 and 3 which plot the conditional variances and covariances of the BEKK
model reveal couple important features. First, in line with the empirical literature (see, for
instance, Stock and Watson, 2005), international volatility and business cycles synchro-
nization declined in the mid-1980s a period known as the great moderation. Nevertheless,
international volatility and business cycles co-movements generally reached a peak during
5Our results are robust to dierence transformation of the GDP growth, such as the band-pass lter.
8the most recent worldwide crisis (Antonakakis and Scharler, 2010). These results suggest
a probable end to the Great Moderation and a beginning of a new era of more closely
tight business cycle co-movements and spillovers. Put dierently, the global economy
seems to have passed from the period of the Great Moderation to the period of the Great
Integration.
[insert Figure 2 here]
[insert Figure 3 here]
4 Conclusion
This paper examines the international spillovers of GDP growth and GDP growth volatil-
ity among the G7 countries over the period 1960 - 2009. The multivariate generalized
autoregressive conditional heteroskedasticity (MGARCH) BEKK model of Engle and
Kroner (1995) was employed to identify the source and magnitude of GDP growth and
GDP growth volatility spillovers. The results indicate the presence of positive own mean
spillovers in each country and of mean spillovers among most of the G7 countries, the
latter being in line with the fact that business cycles among countries are rather syn-
chronized with a time lag (see, for instance, Stock and Watson, 2005). In addition, the
large number of signicant output growth own-volatility and cross-volatility spillovers
indicates that output growth shocks in many of the G7 countries aect future output
growth volatility in the remaining others. An additional important nding is that U.S.
is the dominant country in GDP growth volatility transmission, as its volatility exerts a
signicant unidirectional spillover to all remaining G7 countries.
Even though evidence of asymmetries in output growth volatility spillovers across the
G7 countries was reported, those asymmetries were originated from symmetric shocks. An
important avenue for future research is to examine whether asymmetric shocks of output
growth exert dissimilar eects on output growth volatility across countries.
An additional avenue which we leave for future research is to check whether and how
conditional output growth volatility aects output growth. This can be performed under
a GARCH-in-mean multivariate framework.
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10Figure 1: GDP growth rates in the G7 countries: 1960q1 - 2009q3
 



































11Figure 2: Conditional Variances of GDP growth in the G7 countries from BEKK-GARCH
model
 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































13Table 1: Descriptive statistics of GDP growth in G7 countries
CAN FRA GER ITL JPN UK US
Mean 0.0201 0.0221 0.0200 0.0235 0.0345 0.0193 0.0204
Minimum -0.0489 -0.0450 -0.0667 -0.0652 -0.0921 -0.0643 -0.0385
Maximum 0.0686 0.0858 0.0865 0.0914 0.1232 0.0976 0.0741
Standard deviation 0.0231 0.0190 0.0227 0.0267 0.0363 0.0220 0.0223
Skewness -0.8320 -0.3629 -0.3907 -0.1587 0.1458 -0.8518 -0.3702
Excess Kurtosis 0.7767 0.7823 1.2322 0.7684 0.4427 2.9227 0.2245
Jarque-Bera 27.397 9.2524 17.298 5.6165 2.2837 92.987 4.8638
JB probability 0.0000 0.0097 0.0002 0.0603 0.3192 0.0000 0.0879
ARCH-LM F(5,184) 37.613 58.515 27.151 83.360 171.70 28.203 84.231
ARCH-LM prob. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000




GER 0.4876 0.6822 1.0000
ITL 0.4869 0.7728 0.5888 1.0000
JPN 0.3541 0.6958 0.5966 0.6276 1.0000
UK 0.5066 0.5042 0.5119 0.3556 0.4081 1.0000
US 0.7731 0.4409 0.4984 0.3575 0.3620 0.5471 1.0000
Notes: ADF test: H0, unit root; H, no unit root. The lag orders in the ADF equations are determined
by the signicance of the coecient for the lagged terms. Only intercepts are included. Critical values
are -2.88 at 0.05 and -3.47 at 0.01 levels.
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